Background: Screening for fecal occult blood can be effective in reducing colorectal cancer mortality only if positive tests are appropriately followed up with complete diagnostic evaluation (ie, colonoscopy or flexible sigmoidoscopy with double contrast barium enema) and treatment. Objectives: To examine whether rates of complete diagnostic evaluation after a positive fecal occult blood test (FOBT) have improved over time after the implementation of tracking systems and physician guidelines within a large integrated health care organization. 28 -31% in 1993-1996 to 6 -11% in 2000 -2005. Based on the National Health Interview Survey, only 52% of positive FOBTs in 2000 -2005 were followed by complete diagnostic evaluation nationally. Conclusions: Adherence to recommendations for complete diagnostic evaluation after a positive FOBT has greatly improved over time in an integrated group medical practice. Through the use of tracking systems
C olorectal cancer is the second leading cause of cancer death in the United States. 1 Based on randomized clinical trial results, [2] [3] [4] [5] annual screening for fecal occult blood is recommended for detecting colorectal cancer and precancerous adenomas among average-risk individuals starting at age 50. [6] [7] [8] [9] However, screening for fecal occult blood can be effective for reducing colorectal cancer mortality only if individuals who test positive are followed up with appropriate diagnostic evaluation and treatment. Previous studies report that only 25-59% of patients with a positive fecal occult blood test (FOBT) received complete diagnostic evaluation, typically defined as colonoscopy or double-contrast barium enema with flexible sigmoidoscopy, within 1 year. 10 -19 By contrast, in randomized trials, Ն83% individuals received a complete diagnostic evaluation after a positive result for fecal occult blood. 4, 5 In this study, we examined trends from 1993 to 2005 in the proportion of individuals receiving a complete diagnostic evaluation after a positive FOBT at Group Health Cooperative, a large, nonprofit, consumer-governed health care system in Washington State that integrates care and coverage. During 2003 During -2005 , rates of colorectal cancer screening were between 58 -63% for the Group Health Medicare population and 45-53% for the commercial Group Health enrollees ages 50 -80 years, using the National Committee for Quality Assurance's Healthcare Effectiveness Data and Information Set (HEDIS) criteria. These rates are comparable or higher than national screening rates based on self-report. 8 In 1997, Group Health released its first formal colorectal cancer screening guidelines explaining recommendations for both colorectal cancer screening and follow-up procedures after an abnormal screening test. In November 1998, Group Health implemented an automated colorectal cancer follow-up registry, which informs physicians of their patients who have not received follow-up within 4 months after a positive FOBT according to automated records. In the fall of 2003, Group Health's automated colorectal cancer registry was supplemented with a manual audit system. Our goal was to determine whether rates of follow-up have improved after the implementation of these systems.
METHODS

Study Setting
We evaluated trends in complete diagnostic evaluation after a positive FOBT among members of Group Health's integrated group practice in the Puget Sound Region of Washington State. Sociodemographic characteristics of Group Health members are similar to the area's population. Longitudinal electronic automated data systems captured the comprehensive health care services provided to the approximately 350,000 members who received their care from 1 of the 29 regional Group Health owned and operated clinics. Group Health's Institutional Review Board approved this study.
Group Health released its first formal colorectal cancer screening guidelines in 1997. From 1997 until 2004, these guidelines recommended screening with FOBT every 2 years and with flexible sigmoidoscopy every 10 years for people of average risk. Guidelines were updated in 2004 to recommend FOBT every 1-2 years, and again in 2006 to recommend annual FOBT. Colonoscopy is not recommended as an initial screening tool for average-risk patients; however, when a patient requests a screening colonoscopy, shared decisionmaking is recommended. Since 1997, Group Health guidelines have stated that colonoscopy is the recommended standard of care after a positive FOBT. If a colonoscopy is contraindicated, a combination of flexible sigmoidoscopy plus double-contrast barium enema may be used.
FOBT screening is currently based on unrehydrated Hemoccult SENSA test kits that are given to enrollees during an office visit. Test kits are returned by mail to the Group Health laboratory. The primary care provider or ordering physician is notified of positive test results through the electronic medical record system laboratory results in-basket and is responsible for referring the patient for diagnostic evaluation. Enrollees are notified of test results by either letter or phone.
In November 1998, Group Health started an electronic registry to track enrollees who had not received a complete diagnostic evaluation (colonoscopy or a flexible sigmoidoscopy plus double-contrast barium enema) within 4 months after a positive FOBT, based on automated medical records. In the fall of 2003, Group Health implemented a centralized manual audit system to supplement the electronic system. A nurse auditor or primary care provider reviews cases in the automated system to determine if the medical record contains any documentation that follow-up tests were already completed, contraindicated, or determined to be unnecessary, or that the patient refused follow-up or is deceased. If follow-up tests were completed, the information is documented on the audit form. Otherwise, the primary care provider determines appropriate follow-up and documents his or her actions on the audit sheet. The results of the completed audit are tracked centrally. If a patient is referred for follow-up but does not comply, a new audit sheet is sent during the next audit until either the patient completes the follow-up or the provider indicates that the patient refused follow-up.
No other major efforts to improve colorectal cancer screening rates such as systematic training or focused continuing medical education courses occurred during this time period. Providers were not given feedback on screening or follow-up rates.
Study Population and Initial Fecal Occult Blood Test Result
We used automated electronic medical records to identify all FOBTs performed on enrollees aged 50 to 79 and processed by a Group Health laboratory from January 1, 1993 to December 31, 2005. We did not include FOBTs performed by a physician during an office visit or as part of inpatient care. A positive FOBT was defined as at least 1 of 3 slides positive for occult blood (Each slide had 2 samples from the same day). To ensure we included only the first FOBT performed in a sequence, we excluded FOBTs that followed a prior positive FOBT within 9 months in the initial sample (N ϭ 397). We also excluded FOBTs performed among members with a prior colonoscopy or flexible sigmoidoscopy in the automated medical records (N ϭ 3251) or a colorectal cancer diagnosis identified by the Puget Sound Surveillance Epidemiology and End Results (SEER) program starting in 1974 (N ϭ 75), as individuals with a history of polyps or colorectal cancer may have different follow-up rates. We excluded tests performed on members who died or disenrolled from Group Health within 1 year of the positive FOBT (N ϭ 2351).
Diagnostic Evaluation
We used automated electronic medical records to identify all follow-up evaluations by repeat FOBT, colonoscopy, flexible sigmoidoscopy, or double-contrast barium enema performed within 365 days of the initial FOBT. Colorectal cancer diagnoses within 365 days after the positive FOBT were obtained from the Puget Sound SEER program. An individual was considered to have complete diagnostic evaluation if either colonoscopy or both sigmoidoscopy and double-contrast barium enema were performed within 365 days of the positive FOBT. We assumed the small number of enrollees with a colorectal cancer diagnosis within 365 days of the positive FOBT but no record of colonoscopy or flexible sigmoidoscopy with double-contrast barium enema within the automated records had obtained a complete diagnostic evaluation elsewhere (N ϭ 80, Ͻ1%).
Statistical Analysis
We calculated descriptive statistics by year, number of positive slides per array for occult blood, patient age at initial FOBT, and patient sex. We were unable to determine whether the indication for the initial FOBT was for screening or diagnostic purposes. Therefore, we calculated the positive predictive value of FOBT for detecting colorectal cancer, defined as the percentage of individuals with a positive FOBT who were diagnosed with colorectal cancer within 365 days, to compare with values reported for pure screening populations. We used logistic regression to evaluate whether time, number of positive slides, and patient age and sex were associated with the performance of complete diagnostic evaluation or other testing within 1 year of the positive FOBT. We examined reasons patients did not receive a complete diagnostic follow-up based on the manual audit. For comparison, we also calculated national rates of complete diagnostic evaluation obtained by self-report in the 2005 National Health Interview Survey (http://www.cdc.gov/nchs/nhis.htm). We included survey participants aged 50 to 79 who reported that the result was not normal for their most recent home blood stool test, performed between 2000 and 2005.
RESULTS
As Table 1 shows, we identified 8513 positive FOBTs performed from 1993 to 2005 on 8291 enrollees aged 50 -79 at the time of the test. Half (49%) of the tests were performed on women, with roughly equal distribution among the 50 -59, 60 -69, and 70 -79 age groups. The overall positive predictive value for colorectal carcinoma among all individuals with a positive FOBT was 5.7% ͓95% confidence interval (CI) ϭ 5.2%, 6.2%͔. When restricted to individuals who received a complete diagnostic evaluation, the positive predictive value increased to 7.9% (95% CI ϭ 7.3%, 8.6%). Among these individuals, the positive predictive value increased with age and the number of positive slides per array for occult blood (see Table 1 for details).
The percentage of positive FOBTs followed by complete diagnostic evaluation within 1 year was 57-64% in 1993-1996, before the implementation of the tracking system and formal screening guidelines. Rates of follow-up increased significantly to 82-86% in 2000 -2005 (P Ͻ 0.0001, Table 2 and Fig. 1 ). As Figure 1 and Table 3 show, the probability of complete diagnostic evaluation increased significantly with increasing number of positive slides per array (P Ͻ 0.001), adjusting for year, age at test, and sex. Females were significantly less likely to have complete diagnostic evaluation (P ϭ 0.017), and younger individuals tended to have lower rates of complete diagnostic evaluation, though this was only borderline significant (P ϭ 0.079, Table 3 ).
Among those who had a complete diagnostic evaluation within 1 year of a positive FOBT, the percentage of evaluations performed by colonoscopy increased from 78% in 1993 to 98% in 2000, remaining between 98% and 100% through 2005. The median time to the first procedure was Յ58 days during all years (data not shown). Table 2 also shows that the use of sigmoidoscopy without double-contrast barium enema decreased from 3-6% in 1993-1996 to 1-2% in 2000 -2005 (P Ͻ 0.0001), and use of double-contrast barium enema alone decreased from 2-4% in 1993-1996 to Ͻ1% in 2000 -2005 (P Ͻ 0.0001). Results from the multivariable logistic regression models in Table 3 show that older individuals were significantly more likely to receive only a double-contrast barium enema (P ϭ
The use of a repeat FOBT as the first follow-up test after a positive FOBT result decreased significantly from 28 -31% in 1993-1996 to 6 -11% in 2000 -2005 (P Ͻ 0.0001, data not shown), and the use of a FOBT as the only follow-up test decreased from 17-19% to 3-5% in the same time period (P Ͻ 0.0001, Table 2 ). Use of a repeat FOBT decreased with increasing number of positive slides (P Ͻ 0.0001, Table 3 ). Older patients were more likely to receive a repeat FOBT (P ϭ 0.010, Table 3 ), but we found no difference by sex (P ϭ 0.83, Table 3 ). Among the 1700 individuals who received a repeat FOBT as the first follow-up test, only 362 (21%) had a second positive result. Among those with a second positive FOBT, 69% went on to have a complete diagnostic evaluation within 1 year of the initial FOBT, compared with only 14% of those with a negative result on their second FOBT (P Ͻ 0.0001).
From 1993 to 1996, 12-16% of individuals had no follow-up ( Table 2 ). The rate of no follow-up decreased to 9 -12% from 2000 to 2005 (P Ͻ 0.001, Tables 2 and 3) . Younger individuals and females were significantly more likely to have no follow-up (age: P ϭ 0.0022, gender: 0.016, Table 3 ).
Based on the 2005-2006 manual audit of 514 unique patients with a positive FOBT who had no diagnostic fol- 
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low-up within 4 months, we found that diagnostic evaluation was considered unnecessary for 39% (eg, the patient had a normal colonoscopy within 2 years before the positive FOBT or had a definitive diagnosis of another source of gastrointestinal bleeding) and was contraindicated for 9% of individuals. An additional 16% of patients refused follow-up. From the National Health Interview Survey, 118 participants reported having a positive FOBT between 2000 and 2005. Among these individuals, 58 (49%) reported having a colonoscopy or both flexible sigmoidoscopy and barium enema. This rate is increased to 52% when applying the survey weights.
DISCUSSION
Incomplete diagnostic evaluation after a positive FOBT may result in delayed detection of colorectal cancer or a missed opportunity to prevent an adenoma from becoming cancer. Low rates of complete follow-up reduce the potential benefits of a screening program to decrease colorectal cancer incidence and mortality. We found evidence that simple tracking and audit systems and physician guidelines implemented by an integrated health care organization may have resulted in large improvements in the rates of complete diagnostic evaluation after a positive FOBT and may provide effective methods for maximizing the benefits of a screening program.
It is promising, and somewhat surprising, that a community-based health care organization was able to reach levels of complete follow-up comparable to those obtained in randomized trials. 4, 5 Volunteers for screening trials are typically better educated, wealthier, and healthier than the general population. 20, 21 Screening trials target healthier individuals in recruitment and may exclude participants with comorbid conditions. In addition, trial investigators are highly motivated and employ resources to track individuals and encourage appropriate follow-up.
The observed improvements in health care quality are consistent with the Chronic Care Model, which states that optimizing outcomes requires that clinical teams are part of well designed delivery systems with clinical information systems, decision support, and self-management support systems. [22] [23] [24] The implementation of tracking and audit systems, physician guidelines around screening, and patient education materials within the context of an integrated multispecialty group practice were essential steps toward realizing this level of improved quality. In a more traditional, and common, nonintegrated clinical environment, abnormal FOBTs would be individually filed in paper charts, and would lead to a referral to a specialist for a diagnostic evaluation. However, if the specialist is not in the same group practice or does not share an information system with the referring physician, patients who do not follow-up cannot be easily identified and contacted. Few incentives exist to pursue this type of follow-up in a traditional fee for service environment and data of this type are rarely reported on a systematic basis. None of the common national quality tracking measures used for health plans or physicians measure the rate of follow-up for abnormal FOBT tests. Without aligned incentives, metrics, and transparency in reporting, it is unlikely that substantial improvements will occur. Small innovative practices that are motivated toward improvement could use clinical information systems to easily configure a similar tracking system with manual reconciliation. Despite the high rates of complete diagnostic evaluation, opportunities exist for further improvement. In particular, our manual audit showed that 16% of patients who did not have a diagnostic evaluation of a positive FOBT were found to have refused follow-up care. Other researchers have reported similar refusal rates.
14 Future studies should aim to increase understanding of reasons for patient refusal and develop interventions that educate patients about the importance of receiving diagnostic evaluation after a positive screening result.
A potential limitation of our study is the use of electronic medical records for identifying follow-up procedures. A previous study found that automated claims data were 100% specific for determining whether complete diagnostic evaluation had been performed after a positive FOBT. 25 Estimates based on electronic medical records may underestimate follow-up since examinations may be missing from automated databases (eg, a two-worker household may use 2 different insurance plans with overlapping coverage). In addition, we could not determine based on automated records whether the colonoscopy reached the cecum. Therefore, some 18, 26, 27 suggesting most FOBTs were performed for screening purposes in asymptomatic individuals.
Our study has several strengths. Using electronic medical records facilitated the longitudinal tracking of many individuals over a 13 year period. This large number of subjects facilitated the examination of rates across subgroups, including by age and sex. In addition, we were able to include information before and after the release of screening guidelines and the implementation of the tracking and audit systems. Links to the SEER registry allowed us to exclude individuals with prior diagnosis of colorectal cancer, who were ineligible for screening.
In conclusion, adherence to guidelines for complete diagnostic evaluation after a positive FOBT has greatly improved over time in a large integrated health care organization. Rates of complete diagnostic evaluation in this organization were higher than the national average as determined from self-reports in the National Health Interview Survey, and higher than rates reported in previous studies of FOBT screening performed in a variety of populations and settings. 10, 11 With the use of tracking systems and physician guidelines, it may be possible to reach levels of follow-up in clinical settings that are comparable to those observed in randomized trials. Such strategies may enable health care organizations to maximize the potential benefit of a screening program in reducing colorectal cancer incidence and mortality.
